Breast cancer is one of the most common tumors among women, and the second leading cause of cancer-related death in the world.
approaches instead of endocrine therapy. 3 Due to the ineffectiveness of current breast cancer-targeted therapies as well as more malignant behaviors, TNBC is associated with higher risk of distant recurrence, higher rates of metastases, higher probability of relapse, and worst overall survival (OS) compared to other subtypes. 4 Previous reports showed that about 35% patients with TNBC were diagnosed with distant metastases within 5 years of initial diagnosis, and cases with progressive stage only have a median of 2-year survival time. 5, 6 The dissemination of breast cancer cells and eventual metastatic growth to distant organs, predominantly the bone, brain, lung, and liver, are the primary cause of death for the vast majority of patients with TNBC. 7, 8 The distant metastasis is highly complex, yet poorly understood, and consists of multiple steps, in which the influencing and indicative factors have not been well evaluated. In fact, numerous studies have studied the mechanism of distant metastasis of TNBC. 9, 10 For instance, the activation of CXCR4 receptor via its ligand CXCL12 or ANGPTL2 was found to induce MLK3 and Erk1/2 signaling and promote intravasation which leads to the development of lung and bone metastases. 9 Zhuang et al reported that DKK1
promotes breast-to-bone metastasis by regulating canonical WNT signaling of osteoblasts and then suppressed lung metastasis. 10 In another aspect, the pathomorphological indicators, as the results of genetic changes of tumor cells, should also be well studied. Previous study had reported that specific histologic subtypes showed significant differences in the percentage of distant metastasis, and invasive lobular carcinoma was considered as a subtype with highest metastasis probability. 11 However, another study reported that breast cancer subtypes based on hormone receptor (HR) and human epidermal growth factor receptor 2 (HER2) status had specific preferential site of distant organ metastases.
12 Surprisingly, despite TNBC was considered as the most invasive breast cancer subtype, no study has focused on effects of patients characters on the preferential site of distant organ metastases of TNBC.
In this study, we first evaluated the correlation between patient characters of TNBC and preferential distant metastatic sites based on a population-based national registry. We also explored prognostic differences in subtypes within specific distant organs, and prognostic differences in specific subtype with different DMS. Our study broadens our knowledge on endogenous histologic heterogeneity of TNBC and guided individualized TNBC patient management in clinics.
| METHODS

| Data source and patient selection
We performed a retrospective cohort study using data from the Surveillance, Epidemiology and End Results (SEER) database. The SEER database currently collects data on patient demographics, tumor characteristics, first course of treatment, and follow-up of vital status from 18 populationbased cancer registries, encompassing approximately 28% of the US population. Tumor histologic types are classified according to the International Classification of Diseases for Oncology (ICD-O), 3rd edition. Tumor stage is categorized according to the American Joint Committee on Cancer (AJCC) staging system, 7th edition.
We identified potentially eligible patients based on the following inclusion criteria: female, aged between 18 and 85, years of diagnosis from 2010 to 2014, breast cancer as the first and only malignant cancer diagnosis, and TNBC. We excluded patients who lacked a histologically confirmed diagnosis and those identified by death certificate or autopsy.
We restricted our analysis to the eight most prevalent and well-defined histologic types, that is, invasive ductal carcinoma (IDC, ICD-O-3 
| Statistical analysis
We compared the differences between nonmetastatic control patients and metastatic patients using the Pearson's chi-squared test. The association of clinicopathologic factors with the sites of distant metastases was modeled with logistic regression analysis. Both univariate and multivariate odds ratios (ORs) and 95% confidence intervals (CIs) were calculated for each model. Predictive factors for distant metastasis were determined by multivariable logistic regression analysis, in which factors that were statistically significant in the univariate analysis were entered into the multivariable logistic regression analysis.
The survival differences between the groups were compared using the log-rank test. Disease-specific survival (DSS) was defined as the interval from the date of diagnosis to the date of death due to breast cancer. Overall survival was defined as the interval from the date of diagnosis to the date of death from any cause. The results were reported using hazard ratios (HRs) with 95% CIs.
Statistical analyses were performed using SPSS version 19.0 (SPSS, Inc). All tests were two-sided, and the value of P < .05 was considered statistically significant. Table 1 outlines the demographic, tumor, and treatment characteristics of patients with TNBC according to metastasis status. In general, patients with distant metastasis have relative shorter survival time and were more likely to be older, unmarried, be found in paired or bilateral laterality, larger in sized, lymph node metastasis (each P < .05). Patients with lung metastasis showed comparative better prognosis while brain metastasis have shorter survival time among the four metastasis groups. Interestingly, we also found that Black patients were more likely to develop bone and lung metastasis. Furthermore, significant histologic differences were found among the control and distant metastasis groups. For instance, compared with the control group, the bone metastasis group showed fewer patients with IDC, MBC, IDC, and other groups showed more patients with LC, IDC, and LC, and IBC. Considering treatments for TNBC, we found that the radiotherapy acceptance rate by patients was significantly lower in the bone, liver, and lung metastasis groups, while patients with brain metastasis were more likely to accept radiotherapy. Moreover, the acceptance rate of chemotherapy by patients was also found to be lower in the lung metastasis group.
| Association of patient characteristics with preferential sites of distant metastases
To further evaluate the potential patient characteristics associated with preferential distant metastatic sites, we first performed univariate regression analysis in metastatic patients. In general, race, marital status, and histologic types were considered as potential significant risk factors (Table 2) . Multivariate analysis was then performed. After adjusting these factors, only histologic subtypes were independently correlated with distant metastasis pattern. As shown in Table 3 , MBC predicted fewer bone (OR = 0.414) and liver (OR = 0.176) metastasis cases but more lung (OR = 3.307) metastasis cases. Our results also indicated a positive effect of ILC and NST-ILC on bone (OR = 2.470 and 4.702, separately) metastasis and negative effect on lung metastasis (OR = 0.203 and 0.128, separately), in which the effects were more remarkable in pure ILC contrasted with NST-ILC mixed tumor. Our results proved that histological subtypes were the indicators of preferential distant metastatic sites of patients with TNBC.
| Effect of histologic heterogeneous on survival of patients with metastatic TNBC
As we have proved that histologic subtypes were the most important characteristic that influence the preferential distant metastatic sites of TNBC, prognostic significance of histologic subtypes were further explored. We first evaluated whether histologic subtypes among common distant metastatic sites could affect the survival time of patients with TNBC. The log-rank analysis of DSS is shown in Table 4 . Compared with IDC, lung metastasis in patients with ILC had significantly worse prognosis (HR = 3.787, 95% CI: 1.205-11.905, P = .023). For patients with bone, brain and liver metastasis, no obvious differences were found among the groups. Regarding OS, the same results were found as DSS (HR = 3.569, 95% CI: 1.136-11.212, P = .029) ( Table S1 ).
We also evaluated whether prognostic differences could be found among the four DMS of each histologic subtype. For DSS, IDC patients with brain metastasis showed significant worse prognosis when compared with bone metastasis. For patients with ILC, lung metastasis was a remarkable factor that indicated poorer prognosis in patients with TNBC (Table 5 ). Considering OS, the results were found in accordance with DSS, while ILC subtype also predicted poorer prognosis in brain metastasis (Table S2 ).
| DISCUSSION
Triple-negative breast cancer is one of the most aggressive subtypes with high frequency of distant metastasis which seriously impacts the prognosis of patients; hence, studies evaluating the correlation between patient characters and preferential distant metastatic sites are needed. In our large population-based cohort of cases diagnosed with TNBC, we eventually demonstrated that certain histological subtypes showed correlations to site-specific metastasis patterns. Moreover, the site-specific metastatic patients showed different prognosis among subtypes.
After reviewing published articles, research on breast cancer metastasis mainly focused on the gene level and numerous genes have been proved to play crucial roles on regulating tumor metastasis. A study on high-resolution clonal mapping of multiorgan metastasis in TNBC revealed that tumors at different metastatic sites showed specific gene pattern. Lung, brain, liver, and multiorgan metastatic tumors have similar gene features. 13 Another research found that the genomic mutations were originated from the primary tumor and maintained through metastatic spreading, of which TP53 mutation was a recurrent founding mutation in primary and metastatic tumors. 14 We also reported genes like NAMPT, SREBP1, and MTDH could drive metastatic progression in TNBC. [15] [16] [17] The alteration of genes cluster could not only influence malignant behaviors, but also transform pathomorphological features. Histologic subtypes of breast cancer were the consequence of genes alteration, which were greatly different in morphology, behavior, and mechanism. Previous studies also demonstrated that subtypes could own specific gene expression pattern, and it of great significance to evaluate heterogeneities among subtypes. For instance, GATA3 is not only detected in metaplastic and lobular breast cancer of TNBC, but also is highly expressed in other subtypes. 18 Moreover, it has been reported that medullary carcinoma had the lowest tissue levels of estrogen and progesterone receptors while mucinous carcinoma had the highest percentages of positive estrogen and progesterone receptor levels. 19 In our study, most patients with TNBC were invasive ductal carcinoma not otherwise specified. The remaining 10%-25% of patients comprise medullary carcinoma, metaplastic carcinoma, neuroendocrine carcinoma, adenoid cystic carcinoma, invasive lobular carcinoma, apocrine carcinoma, mixed lobular-ductal carcinoma, and inflammation breast cancer. [20] [21] [22] TNBC was supposed to have the preference to metastasis to brain and visceral organs, such as lung and liver, rather than bone compared to other breast cancer molecular subtypes. 23 On further research of predictive factors of preferential DMS in patients with TNBC, we concluded that histologic subtypes were the only independent factor. Our results showed patients with MBC showed fewer risks of bone and liver metastasis but more lung metastasis compared with IDC. An interesting study published recently reported the activity of HER2 pathway was significantly lower in MBC samples than in IDC samples although all patients were clinically categorized as negative for HER2 amplification. 24 Based on the above study, it has been reported that the activation of HER-2/CXCR4/ Akt signaling pathway in primary breast tumors could contribute to the formation of bone metastases in breast cancer, 25 and HR-negative/HER2-positive subtype patients had a considerably high proportion of liver metastasis, 12 which might account for fewer bone and liver metastasis of MBC. Considering the correlation between HER-2 and lung metastasis, we found that HER-2 inactivation contributed to lung metastasis, 26 and the inactivation of HER-2 pathway in MBC could result in more lung-specific distant metastasis. For patients with ILC or IDC-ILC, a totally opposite result was found, in which more bone and fewer lung metastasis compared with IDC patients, and were in accordance with published articles. 27, 28 Based on published articles, we found CDH1 was one of key markers that could distinguish ILC from IDC. 29 The loss of expression is observed in the majority of lobular breast carcinomas, CDH1 integrity is impaired. 30 On the contrary, the expression is unaffected in ductal breast carcinomas. 31 In some articles, roles of CDH1 on distant metastasis of breast cancer have been illustrated. For instance, Maroni et al reported that CDH1 were expressed in bone metastasis but not in primary breast carcinoma, which playing a pivotal role in bone metastasis colonization. 32 Another article also demonstrated crucial roles of CDH1 on promoting bone metastasis. 33 The loss of expression of the cell-cell adhesion molecule CDH1 in ILC might account in part for the different metastatic patterns observed in these types of tumors. Based on our results and previous studies, histologic subtypes of breast cancer owned specific malignant behaviors and molecular mechanisms. 
Another aspect of our research was to evaluate prognoses among patients with TNBC with different histologic subtypes and different distant metastasis sites. Based on previous studies, it has been reported that histologic subtypes of TNBC showed significantly various prognoses, which adenoid cystic carcinoma and medullary breast carcinoma owned the longest overall survival, and the prognosis of ILC was worst. 34 For metastatic patients, there was no study that systematically most common histologic type of invasive breast cancer and accounts for 5%-10% of all breast cancer cases, 37, 38 it of great value to further evaluating mechanism and clinical significance of our results. It has been proved that TNBC with various distant metastasis sites showed different prognoses. We further analyzing prognoses difference of common subtypes with various distant metastatic sites. Compared with bone metastasis, we found occurrence of brain metastasis of IDC indicated remarkable poorer prognoses, which were in accordance with previous results. 23 However, it is surprising that patients with ILC with lung metastasis showed the worst prognoses instead brain metastasis. Based on previously reports, breast cancer patients with lung and bone metastasis owned comparative longer prognoses than brain and liver metastases. 23 Conversely, we found that patients with triple-negative ILC with lung metastasis had worst prognosis followed by brain metastasis, the follow-up and medical examination of patients with ILC should pay more attentions. The clear mechanism of ILC has not been reported before, which might result from the unique gene expression pattern. It is of great value for furthering exploring the difference between IDC and ILC, which might reveal a cluster of key genes in breast cancer. Figure 1 shows human body schematic diagram and pie graphs that represents the proportion of distant metastasis of histologic subtypes. Compared with patients with IDC, with 35.19% bone, 7.76% brain, 24.87% liver, and 32.18% lung metastasis, the patients with MBC showed remarkable decrease in bone and liver and increase in lung metastasis. For ILC mixed ILC and ILC subtypes, more patients trend to more bone metastasis and less lung metastasis. For IDC and other histologic subtypes of breast cancer, no obvious difference was found.
There are several limitations of this study. First, retrospective studies are inherently biased. Second, the SEER database only included four specific sites of distant metastases at the initial diagnosis, and we could not obtain further details concerning the time of secondary metastasis. Third, the number of patients for certain subtypes were not enough to make significant results. In addition, we only included clinical characteristics in this study, which were obtained from SEER database, while other factors including gene expression should also be taken into consideration in further studies.
| CONCLUSION
In summary, this study proved that certain histologic subtypes of breast cancer are associated with metastatic behavior regarding the sites of distant metastasis and prognosis, of which patients with MBC and ILC should pay more attentions. This knowledge may help to further understand the mechanism of breast cancer metastasis and to monitor the prognosis of patients with TNBC.
